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1. General information:

'H NMR and BC NMR spectra were recorded on Bruker-AV (400 and 100 MHz, respectively)
instrument using CDClj; as solvent and TMS as an internal standard. Mass spectra were measured
on Agilent 5975 GC-MS instrument (EI). High-resolution mass spectra (EI) were obtained with
the Agilent Technologies 7250 GCQTOF. The structures of known compounds were further
corroborated by comparing their 'H NMR, 3C NMR data and MS data with those of literature.
Column chromatography was performed using silica gel (200-300 mesh). Reagents were used as

received from commercial suppliers without further purification.

2. General procedure for reaction:

p-Tolsulfonyl chloride (0.4 mmol, if solid), TMAI (0.1 mmol) were added to an oven-dried
reaction vessel equipped with a magnetic stirring bar, then the vessel was purged with oxygen for
three times and p-tolsulfonyl chloride (0.4 mmol, if liquid), 1-methoxynaphthalene (0.2 mmol),
(EtO),P(O)H (0.4 mmol) were added by syringe. The vessel was sealed and stirred at 100 °C for
18 hours. After the reaction completed, the reaction mixture was diluted with ethyl acetate and
washed with saturated sodium thiosulfate solution. The organic layer was concentrated under
reduced pressure to yield the crude product, which was purified by flash chromatography (silica
gel, petroleum ether/ethyl acetate = 50:1) to give the desired product 3aa in 90% yield as a pale-

yellow oil.

3. Characterization data of products

s L]
JOROE
(4-Methoxynaphthalen-1-yl)(p-tolyl)sulfane (3aa):! Yellow oil, yield: 50.4 mg, 90%. '"H NMR
(400 MHz, CDCls, ppm) 8 8.34-8.29 (m, 2H), 7.74 (d, J = 8.0 Hz, 1H), 7.53-7.47 (m, 2H), 6.97 (s,
4H), 6.80 (d, J = 8.0 Hz, 1H), 4.02 (s, 3H), 2.24 (s, 3H). 3C NMR (100 MHz, CDCls, ppm) &
156.8, 135.1, 135.0(5), 134.909), 129.6, 127.5, 127.2, 126.5, 125.9, 125.6, 122.5, 120.9, 104.0,

55.6,20.9.
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o~
(4-Methoxynaphthalen-1-yl)(phenyl)sulfane (3ab):' White solid, yield: 43.7 mg, 82%. '"H NMR
(400 MHz, CDCl;) 6 8.33-8.30 (m, 2H), 7.78 (d, J= 8.0 Hz, 1H), 7.52-7.48 (m, 2H), 7.15-7.11 (m,

2H), 7.05-7.01 (m, 3H), 6.80 (d, J = 8.0 Hz, 1H), 4.01 (s, 3H). '3C NMR (100 MHz, CDCl;) &

157.1, 139.0, 135.8, 135.2, 128.8, 127.6, 126.6, 125.9, 125.7, 125.0, 122.5, 120.0, 104.0, 55.6.

T
O/

(4-(tert-Butyl)phenyl)(4-methoxynaphthalen-1-yl)sulfane (3ac): Yellow solid, yield: 52.2 mg,
81%. 'H NMR (400 MHz, CDCl;) § 8.38-8.35 (m, 1H), 8.32-8.30 (m, 1H), 7.75 (d, J = 8.0 Hz,
1H), 7.53-7.47 (m, 2H), 7.17 (d, J = 8.5 Hz, 2H), 6.98 (d, J= 8.5 Hz, 2H), 6.78 (d, /= 8.0 Hz, 1H),
3.99 (s, 3H), 1.23 (s, 9H). 3*C NMR (100 MHz, CDCl3) 8 156.8, 148.2, 135.4, 135.3, 135.2, 127.5,
126.7, 126.5, 126.0, 125.9, 125.6, 122.5, 120.6, 104.0, 55.6, 34.3, 31.2. HRMS (EI) m/z calcd. for

C,1H»,08: 322.1387, found: 252.1185.

o I
\O O/

(4-Methoxynaphthalen-1-yl)(4-methoxyphenyl)sulfane (3ad):> Yellow oil, yield: 54.0 mg, 91%.
'H NMR (400 MHz, CDCl;) & 8.35 (d, J= 7.9 Hz, 1H), 8.29 (d, J = 7.7 Hz, 1H), 7.63 (d, J = 8.0
Hz, 1H), 7.53-7.45 (m, 2H), 7.11 (d, J = 8.5 Hz, 2H), 6.75-6.72 (m, 3H), 3.96 (s, 3H), 3.69 (s, 3H).
3C NMR (100 MHz, CDCl3) 8 158.1, 156.3, 134.5, 133.7, 130.1, 128.5, 127.3, 126.4, 125.7,

125.6, 1224, 114.6, 103.9, 55.5, 55.2.

o I
FsC o~
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(4-Methoxynaphthalen-1-yl)(4-(trifluoromethyl)phenyl)sulfane (3ae): White solid, yield: 48.1
mg, 72%. '"H NMR (400 MHz, CDCls) & 8.36-8.33 (m, 1H), 8.25-8.21 (m, 1H), 7.83 (d, J = 8.0
Hz, 1H), 7.54-7.50 (m, 2H), 7.35 (d, J = 8.3 Hz, 2H), 7.02 (d, J = 8.3 Hz, 2H), 6.85 (d, /= 8.0 Hz,
1H), 4.05 (s, 3H). 3C NMR (100 MHz, CDCls) 8 157.7, 144.7, 136.6, 135.2, 128.0, 126.8 (q, J =
32.4 Hz), 126.7, 125.9, 125.6(4), 125.5(7), 125.5(3), 125.4(9), 122.8, 118.1, 104.1, 55.7. HRMS

(EI) m/z calcd. for C;gH;3F;0S: 334.0636, found: 334.0634.

or I
F o~

(4-Fluorophenyl)(4-methoxynaphthalen-1-yl)sulfane (3af):! Yellow oil, yield: 47.7 mg, 84%.
'"H NMR (400 MHz, CDCl;) § 8.32-8.28 (m, 2H), 7.73 (d, J = 8.0 Hz, 1H), 7.51-7.48 (m, 2H),
7.04-7.01 (m, 2H), 6.86-6.82 (m, 2H), 6.77 (d, J = 8.0 Hz, 1H), 3.98 (s, 3H). 3C NMR (100 MHz,
CDCl;3) 6 161.0 (d, J=243.2 Hz), 157.0, 135.3, 134.8, 133.7 (d, /= 3.1 Hz), 128.8 (d, /= 7.8 Hz),

127.6, 126.5, 125.7 (d, J= 2.3 Hz), 122.6, 120.6, 116.0, 115.8, 103.9, 55.6.

or '
Br O/

(4-Bromophenyl)(4-methoxynaphthalen-1-yl)sulfane (3ag):' Yellow solid, yield: 50.4 mg, 73%.
'"H NMR (400 MHz, CDCl;) 6 8.33-8.31 (m, 1H), 8.26-8.23 (m, 1H), 7.78 (d, J = 8.0 Hz, 1H),
7.53-7.48 (m, 2H), 7.23 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.81 (d, J = 8.0 Hz, 1H),
4.02 (s, 3H). 3C NMR (100 MHz, CDCl;) 8 157.3, 138.4, 136.1, 135.0, 131.7, 127.9, 127.8, 126.6,

125.8, 125.7,122.6, 119.2, 118.5, 104.0, 55.6.

JOR®
| o~

(4-Iodophenyl)(4-methoxynaphthalen-1-yl)sulfane (3ah): Yellow solid, yield: 55.0 mg, 70%.
'"H NMR (400 MHz, CDCl;) § 8.33-8.30 (m, 1H), 8.25-8.22 (m, 1H), 7.77 (d, J = 8.0 Hz, 1H),

7.52-7.48 (m, 2H), 7.40 (d, J = 8.5 Hz, 2H), 6.80 (d, J = 8.0 Hz, 1H), 6.72 (d, J = 8.5 Hz, 2H),
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4.02 (s, 3H). 3C NMR (100 MHz, CDCl;) & 157.4, 139.4, 137.6, 136.1, 135.0, 128.2, 127.8, 126.6,
125.8, 125.7, 122.6, 119.0, 104.0, 89.3, 55.6. HRMS (EI) m/z calcd. for C7H,310S: 391.9726,

found: 391.9723.

o I
O,N o~

(4-Methoxynaphthalen-1-yl)(4-nitrophenyl)sulfane (3ai):! Orange solid, yield: 30.0 mg, 48%.
'H NMR (400 MHz, CDCl;) & 8.38-8.35 (m, 1H), 8.17-8.14 (m, 1H), 7.96 (d, J = 8.9 Hz, 2H),
7.84 (d, J = 8.0 Hz, 1H), 7.55-7.52 (m, 2H), 7.00-6.98 (m, 2H), 6.88 (d, J = 8.0 Hz, 1H), 4.07 (s,
3H). 3C NMR (100 MHz, CDCl;) & 158.1, 149.6, 144.9, 136.9, 134.9, 128.2, 126.7, 126.1, 125.3,

124.0, 123.9 122.9, 116.8, 104.1, 55.8.

s L
IOROE

(3-Fluorophenyl)(4-methoxynaphthalen-1-yl)sulfane (3aj): Yellow oil, yield: 38.1 mg, 67%. 'H
NMR (400 MHz, CDCls) & 8.34-8.26 (m, 2H), 7.81 (d, J = 8.0 Hz, 1H), 7.52-7.50 (m, 2H), 7.10-
7.06 (m, 1H), 6.84-6.79 (m, 2H), 6.74-6.69 (m, 1H), 6.64-6.62 (m, 1H), 4.03 (s, 3H). 3C NMR
(100 MHz, CDCl;) 6 163.0 (d, J = 246.0 Hz), 157.5, 141.9 (d, J = 8.2 Hz), 136.4, 135.2, 129.9 (d,
J=28.6 Hz), 127.8, 126.7, 125.8 (d, /= 7.8 Hz), 125.1, 122.7, 121.8, 118.8, 113.0 (d, J=23.7 Hz),
111.8 (d, J = 21.4 Hz), 104.0, 55.7. HRMS (EI) m/z calcd. for Cy;H;3FOS: 284.0668, found:

284.0666.

o~
3-((4-Methoxynaphthalen-1-yl)thio)benzonitrile (3ak): Yellow solid, yield: 37.8 mg, 65%. 'H
NMR (400 MHz, CDCl3) 6 8.35 (dd, /= 6.4, 3.3 Hz, 1H), 8.20 (dd, /= 6.3, 3.3 Hz, 1H), 7.82 (d, J

= 8.0 Hz, 1H), 7.55-7.51 (m, 2H), 7.30-7.28 (m, 1H), 7.21-7.20 (m, 2H), 7.14 (s, 1H), 6.85 (d, J =

8.0 Hz, 1H), 4.06 (s, 3H). 3*C NMR (100 MHz, CDCl;) § 157.9, 141.8, 136.8, 134.9, 130.1, 129.2,
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128.8, 128.2, 128.0, 126.7, 126.0, 125.3, 122.9, 118.4, 117.5, 112.9, 104.1, 55.7. HRMS (EI) m/z

calcd. for C;gH;3NOS: 297.0715, found: 297.0711.

T
O/

(4-Methoxynaphthalen-1-yl)(3-(methylsulfonyl)phenyl)sulfane (3al): White solid, yield: 33.1

O

w

O

mg, 48%. 'H NMR (400 MHz, CDCl3) § 8.34 (dd, J = 6.4, 3.3 Hz, 1H), 8.20 (dd, J = 6.3, 3.3 Hz,
1H), 7.83 (d, J = 8.0 Hz, 1H), 7.62-7.57 (m, 2H), 7.52-7.50 (m, 2H), 7.29-7.25 (m, 1H), 7.11 (d, J
= 8.0 Hz, 1H), 6.85 (d, J = 8.0 Hz, 1H), 4.05 (s, 3H), 2.92 (s, 3H). *C NMR (100 MHz, CDCl3) &
157.8, 142.2, 141.0, 136.7, 134.8, 130.7, 129.6, 127.9, 126.7, 125.9, 125.4, 124.3, 123.4, 122.8,

117.6, 104.1, 55.7, 44.2. HRMS (EI) m/z calcd. for C;sH605S,: 344.0538, found: 344.0533.

T
O/

(4-Methoxynaphthalen-1-yl)(o-tolyl)sulfane (3am):' Yellow oil, yield: 51.0 mg, 91%. 'H NMR
(400 MHz, CDCl;) 6 8.33-8.30 (m, 1H), 8.26-8.23 (m, 1H), 7.68 (d, J= 8.0 Hz, 1H), 7.50-7.46 (m,
2H), 7.15 (d, J= 7.4 Hz, 1H), 6.99-6.96 (m, 1H), 6.87-6.83 (m, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.54
(d, J=17.8 Hz, 1H), 3.99 (s, 3H), 2.48 (s, 3H). 3C NMR (100 MHz, CDCl3) 4 156.8, 137.7, 135.1,
135.1, 135.0, 129.9, 127.6, 126.6, 126.5, 126.3, 125.8, 125.7, 124.9, 122.5, 119.9, 104.1, 55.6,

20.1.

OCF;
T
O/

(4-Methoxynaphthalen-1-yl)(2-(trifluoromethoxy)phenyl)sulfane (3an): Yellow solid, yield:
33.6 mg, 46%. '"H NMR (400 MHz, CDCl;) § 8.35-8.32 (m, 1H), 8.24-8.22 (m, 1H), 7.82 (d, J =
8.0 Hz, 1H), 7.51 (dd, J = 6.4, 3.3 Hz, 2H), 7.23 (d, J= 7.0 Hz, 1H), 7.06-7.02 (m, 1H), 6.90-6.83
(m, 2H), 6.45 (dd, J = 8.0, 1.0 Hz, 1H), 4.04 (s, 3H). *C NMR (100 MHz, CDCl;) 6 157.7, 145.0,

137.0, 135.4, 133.4, 127.9, 127.6, 127.0, 126.7, 125.9, 125.8, 125.7, 125.6, 122.7, 120.7, 117.5,
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104.2, 55.7. HRMS (EI) m/z calcd. for C,3H;3F50S: 334.0636, found: 334.0634.

F
T
O/

(2-Fluorophenyl)(4-methoxynaphthalen-1-yl)sulfane (3a0):' Yellow oil, yield: 47.1 mg, 83%.
'H NMR (400 MHz, CDCl;) & 8.33-8.29 (m, 2H), 7.80 (d, J = 8.0 Hz, 1H), 7.52-7.50 (m, 2H),
7.04-7.01 (m, 2H), 6.83-6.77 (m, 2H), 6.59-6.55 (m, 1H), 4.02 (s, 3H). 3C NMR (100 MHz,
CDCl3) 6 159.1 (d, J =242.8 Hz), 157.3, 136.2, 135.2, 128.7(0), 128.6(8), 127.8, 126.5 (d, J = 7.6
Hz), 126.2 (d, J= 6.9 Hz), 125.7 (d, /= 7.6 Hz), 125.6, 124.4 (d, J = 3.5 Hz), 122.6, 118.2, 115.20

(d, J=21.3 Hz), 104.1, 55.6.

NO,
T
O/

(4-Methoxynaphthalen-1-yl)(2-nitrophenyl)sulfane (3ap): Orange solid, yield: 13.1 mg, 21%.
"H NMR (400 MHz, CDCl;) 6 8.38-8.35 (m, 1H), 8.28-8.26 (m, 1H), 8.15-8.13 (m, 1H), 7.86 (d, J
= 8.0 Hz, 1H), 7.54-7.51 (m, 2H), 7.16-7.13 (m, 2H), 6.90 (d, J = 8.0 Hz, 1H), 6.59-6.57 (m, 1H),
4.08 (s, 3H). 3C NMR (100 MHz, CDCI;) 6 158.1, 144.7, 140.0, 137.2, 135.2, 133.4, 128.2, 127.9,
126.7, 126.1, 125.9, 1254, 124.5, 122.8, 118.1, 104.3, 55.8. HRMS (El) m/z calcd. for

Ci7H3NO5S: 311.0612, found: 311.0610.

cl
T
cl o~

(2,4-Dichlorophenyl)(4-methoxynaphthalen-1-yl)sulfane (3aq): White solid, yield: 56.3 mg,
84%. 'H NMR (400 MHz, CDCl;) 8 8.34-8.32 (m, 1H), 8.18-8.15 (m, 1H), 7.79 (d, J = 8.0 Hz,
1H), 7.50 (dd, J = 6.4, 3.3 Hz, 2H), 7.34 (d, J = 2.2 Hz, 1H), 6.83-6.78 (m, 2H), 6.26 (d, J = 8.6
Hz, 1H), 4.02 (s, 3H). 3C NMR (100 MHz, CDCl;) 8 157.8, 137.3, 136.9, 135.1, 130.7, 130.5,
129.0, 128.0, 127.5, 127.2, 126.7, 126.0, 125.5, 122.7, 117.6, 104.2, 55.7. HRMS (EI) m/z calcd.

for C17H;,CL0OS: 333.9982, found: 333.9981.
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C
O/

Maesityl(4-methoxynaphthalen-1-yl)sulfane (3ar): Colorless oil, yield: 25.9 mg, 42%. 'H NMR
(400 MHz, CDCl;) 6 8.34 (d, J= 8.3 Hz, 1H), 8.28-8.26 (m, 1H), 7.60-7.56 (m, 1H), 7.53-7.49 (m,
1H), 7.02 (s, 2H), 6.58-6.53 (m, 2H), 3.90 (s, 3H), 2.38 (s, 6H), 2.33 (s, 3H). 3C NMR (100 MHz,
CDCl;) 6 153.4, 143.8, 138.9, 131.7, 129.4, 127.7, 126.5, 126.1, 126.0, 125.4, 124.0, 122.5, 122.2,

104.3, 55.4,21.7, 21.1. HRMS (EI) m/z caled. for C50H00S: 308.1231, found: 308.1226.

I S l
O/

(4-Methoxynaphthalen-1-yl)(naphthalen-1-yl)sulfane (3as): White solid, yield: 33.5 mg, 53%.
'H NMR (400 MHz, CDCls) & 8.46 (d, J = 8.3 Hz, 1H), 8.34-8.29 (m, 2H), 7.83 (d, J = 7.9 Hz,
1H), 7.70 (d, J = 8.0 Hz, 1H), 7.60-7.47 (m, SH), 7.15-7.11 (m, 1H), 6.81 (t, J= 8.5 Hz, 2H), 4.01
(s, 3H). 3C NMR (100 MHz, CDCl;) 8 156.8, 135.6, 135.0, 134.8, 133.8, 131.0, 128.5, 127.6,
126.6, 126.2, 125.8, 125.7, 125.1, 124.2 122.6, 120.1, 104.2, 55.6. HRMS (EI) m/z calcd. for

C,1H;608: 316.0918, found: 316.0911.

) '
O/

(4-Methoxynaphthalen-1-yl)(naphthalen-2-yl)sulfane (3at): Yellow solid, yield: 51.8 mg, 82%.
'"H NMR (400 MHz, CDCl;) 6 8.35-8.31 (m, 2H), 7.82 (d, J = 8.0 Hz, 1H), 7.69-7.67 (m, 1H),
7.60 (d, J= 8.6 Hz, 1H), 7.50-7.45 (m, 3H), 7.40 (s, 1H), 7.34-7.31 (m, 2H), 7.19 (dd, /= 8.6, 1.8
Hz, 1H), 6.79 (d, J = 8.0 Hz, 1H), 4.00 (s, 3H). *C NMR (100 MHz, CDCl3) 8 157.1, 136.5, 135.7,
135.1, 133.7, 131.3, 128.3, 127.7, 127.6, 126.9, 126.6, 126.3, 125.9, 125.7, 125.3, 125.2, 124.5,

122.5, 120.0, 104.0, 55.6. HRMS (EI) m/z calcd. for C,H;60S: 316.0918, found: 316.0914.
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4-((4-Methoxynaphthalen-1-yl)thio)-3,5-dimethylisoxazole (3au): Yellow oil, yield: 43.9 mg,
77%. '"H NMR (400 MHz, CDCI;) & 8.32-8.28 (m, 2H), 7.61-7.57 (m, 1H), 7.54-7.50 (m, 1H),
7.05 (d, J = 8.1 Hz, 1H), 6.67 (d, J = 8.1 Hz, 1H), 3.94 (s, 3H), 2.48 (s, 3H), 2.15 (s, 3H). 3C
NMR (100 MHz, CDCl5) 6 172.6, 162.3, 154.9, 132.4, 127.0, 126.5, 126.1, 125.6, 124.0, 122.8,
122.6, 105.4, 103.9, 55.5, 11.6, 10.3. HRMS (EI) m/z calcd. for C;cH5NO,S: 285.0819, found:

285.0812.

o

1-(p-Tolylthio)naphthalen-2-0l (4aa):* Yellow solid, yield: 44.7 mg, 84%; 42.6 mg, 80%; 38.1
mg, 71%. '"H NMR (400 MHz, CDCl;) & 8.22 (d, J= 8.4 Hz, 1H), 7.86 (d, /= 8.9 Hz, 1H), 7.78 (d,
J=28.1Hz, 1H), 7.49-7.45 (m, 1H), 7.36-7.30 (m, 2H), 7.22-7.21 (m, 1H), 6.97-6.92 (m, 4H), 2.21
(s, 3H). 3C NMR (100 MHz, CDCl;) 8 156.8, 135.8, 135.4, 132.6, 131.7, 129.9, 129.4, 128.5,

127.8, 126.6, 124.7, 123.7, 116.8, 108.7, 20.8.

o

(2-Methoxynaphthalen-1-yl)(p-tolyl)sulfane (4ab):> Yellow solid, yield: 29.1 mg, 52%. 'H
NMR (400 MHz, CDCl;) 6 8.48 (d, J = 8.6 Hz, 1H), 7.94 (d, /= 9.1 Hz, 1H), 7.80 (d, J = 8.1 Hz,
1H), 7.50-7.46 (m, 1H), 7.38-7.32 (m, 2H), 6.93 (m, 4H), 3.94 (s, 3H), 2.22 (s, 3H). 3C NMR
(100 MHz, CDCl3) 8 159.1, 136.4, 136.2, 134.5, 131.8, 130.1, 129.5, 129.4, 128.2, 127.6, 126.6,

125.5, 124.0, 113.4, 56.9, 20.8.
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: 'S
SO

(2-Ethoxynaphthalen-1-yl)(p-tolyl)sulfane (4ac):? Yellow solid, yield: 44.7 mg, 76%. '"H NMR
(400 MHz, CDCl3) 6 8.51 (d, J = 8.6 Hz, 1H), 7.89 (d, /= 9.0 Hz, 1H), 7.79 (d, J = 8.1 Hz, 1H),
7.50-7.46 (m, 1H), 7.38-7.34 (m, 1H), 7.29 (d, J = 9.0 Hz, 1H), 6.98 (d, J = 8.1 Hz, 4H), 6.93 (d, J
= 8.1 Hz, 4H), 4.16 (q, J = 7.0 Hz, 2H), 2.22 (s, 3H), 1.30 (t, /= 7.0 Hz, 3H). '*C NMR (100 MHz,
CDCl;) 6 158.4, 136.3, 134.8, 134.6, 131.4, 129.5, 129.3, 128.1, 127.4, 127.2, 125.6, 124.0, 115.0,

65.5,20.8, 14.8.

: S
Br l O OH

7-Bromo-1-(p-tolylthio)naphthalen-2-ol (4ad): White solid, yield: 48.3 mg, 70%. '"H NMR (400
MHz, CDCl;) 6 8.41 (d, J= 1.7 Hz, 1H), 7.82 (d, /= 8.9 Hz, 1H), 7.63 (d, J = 8.6 Hz, 1H), 7.42
(dd, J=8.6,1.9 Hz, 1H), 7.31 (d, /= 8.9 Hz, 1H), 7.24 (s, 1H), 6.99 (d, /= 8.2 Hz, 2H), 6.93 (d, J
= 8.3 Hz, 2H), 2.24 (s, 3H). 3C NMR (100 MHz, CDCl3) & 157.5, 136.8, 136.2, 132.5, 131.1,
130.1, 130.0, 127.8, 127.3, 127.0, 126.7, 122.7, 117.2, 108.2, 20.9. HRMS (EI) m/z calcd. for

Ci6H1sNO,S: 285.0819, found: 285.0812.

: S
OO
Br

6-Bromo-1-(p-tolylthio)naphthalen-2-ol (4ae):> White solid, yield: 53.8 mg, 78%. 'H NMR (400
MHz, CDCl;) & 8.09 (d, J= 9.0 Hz, 1H), 7.94 (d, /= 1.9 Hz, 1H), 7.78 (d, J = 9.0 Hz, 1H), 7.53
(dd, J=9.0,2.0 Hz, 1H), 7.33 (d, /= 8.9 Hz, 1H), 7.21 (s, 1H), 6.98 (d, /= 8.2 Hz, 2H), 6.91 (d, J
= 8.3 Hz, 2H), 2.24 (s, 3H). 13C NMR (100 MHz, CDCl;) 8 157.0, 136.2, 134.0, 131.5, 131.3,

131.0, 130.5, 130.4, 130.0, 126.7(2), 126.6(7), 118.0, 117.6, 109.2, 20.9.
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QL

OH

1-(p-Tolylthio)-5,6,7,8-tetrahydronaphthalen-2-ol (4af):> White solid, yield: 11.4 mg, 21%. 'H
NMR (400 MHz, CDCl3) 6 7.09 (d, J = 8.4 Hz, 1H), 7.03 (d, J = 8.0 Hz, 2H), 6.92-6.87 (m, 3H),
6.76 (s, 1H), 2.77-2.71 (m, 4H), 2.27 (s, 3H), 1.72-1.70 (m, 4H). 3C NMR (101 MHz, CDCl3) §

155.6, 142.0, 135.6, 132.6, 131.7, 130.0, 129.9, 126.3, 115.4, 112.2, 29.3, 28.2, 23.1, 22.7, 20.9.

AGN
OH
(L,
1-(p-Tolylthio)naphthalene-2,3-diol (4ag): Yellow solid, yield: 26.0 mg, 46%. '"H NMR (400
MHz, CDCl;) 6 8.13-8.11 (m, 1H), 7.72-7.69 (m, 1H), 7.42 (s, 1H), 7.36-7.34 (m, 2H), 7.25-7.24
(m, 1H), 7.01-6.93 (m, 4H), 5.77 (s, 1H), 2.24 (s, 3H). 3C NMR (100 MHz, CDCls) § 147.0,

144.0, 136.1, 131.3, 130.0(3), 130.0(1), 129.9, 127.3, 127.2, 126.8, 125.3, 124.7, 112.9, 109.4,

20.9. HRMS (EI) m/z caled. for Ci7H;40,S: 282.0712, found: 282.0707.

: S
904
OH
Jon
1,4-Bis(p-tolylthio)naphthalene-2,3-diol (4ah): Yellow solid, yield: 13.0 mg, 16%. 'H NMR
(400 MHz, CDCl;) 6 8.28 (dd, J = 6.3, 3.3 Hz, 2H), 7.39 (dd, J = 6.3, 3.2 Hz, 2H), 7.21 (s, 2H),
7.04-6.99 (m, 8H), 2.25 (s, 6H). 3C NMR (100 MHz, CDCl;) & 147.2, 136.3, 131.1, 130.4, 130.0,

127.3, 125.8, 125.4, 113.5, 20.9. HRMS (EI) m/z caled. for C,y4H»,0,S;: 404.0901, found:

404.0895.
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: S
ool
HO
L
1,5-Bis(p-tolylthio)naphthalene-2,6-diol (4ai): Yellow solid, yield: 16.2 mg, 20%. '"H NMR (400
MHz, CDCl;) & 8.33 (d, J = 9.2 Hz, 2H), 7.33 (d, J = 9.2 Hz, 2H), 7.02-6.94 (m, 10H), 2.23 (s,

6H). 3C NMR (100 MHz, CDCl;) & 155.3, 136.1, 131.6, 131.2, 130.0, 129.3, 126.7, 118.4, 109.9,

20.9. HRMS (EI) m/z calcd. for C;4H;¢0,S;: 404.0901, found: 404.0899.

: S
HO OO OH

1-(p-Tolylthio)naphthalene-2,7-diol (4aj):> Yellow solid, yield: 39.5 mg, 75%. 'H NMR (400
MHz, CDCl;) 6 7.78 (d, J = 8.8 Hz, 1H), 7.68 (d, J = 8.7 Hz, 1H), 7.52 (d, J = 1.6 Hz, 1H), 7.20-
7.14 (m, 2H), 6.97-6.90 (m, SH), 5.37 (s, 1H), 2.22 (s, 3H). 13C NMR (100 MHz, CDCl;) & 157.5,

155.4,137.2,135.8,132.5, 131.5, 130.7, 129.9, 126 .4, 124.7, 115.2, 114.2, 107.2, 107.0, 20.8.

S
AL
3,5-Dimethyl-4-(p-tolylthio)phenol (4ak):* White solid, yield: 30.3mg, 62%. '"H NMR (400 MHz,
CDCl;) 0 6.98 (d, J = 8.0 Hz, 2H), 6.81 (d, J= 8.2 Hz, 2H), 6.67 (s, 2H), 5.20 (s, 1H), 2.36 (s, 6H),

2.25 (s, 3H). 3C NMR (100 MHz, CDCl;) & 156.0, 145.8, 134.9, 134.2, 129.6, 125.3, 122.0, 115.3,

21.9, 20.8.

NH,

Br S\©\
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5-Bromo-4-(p-tolylthio)naphthalen-1-amine (6aa): Brown solid, yield: 45.4 mg, 66%. '"H NMR
(400 MHz, CDCls) & 7.81-7.77 (m, 2H), 7.65 (d, J = 8.8 Hz, 1H), 7.58 (d, J = 8.8 Hz, 1H), 7.31-
7.27 (m, 1H), 7.04-6.99 (m, 4H), 4.98 (s, 2H), 2.27 (s, 3H). 3C NMR (100 MHz, CDCl;) § 145.3,
135.7, 134.7, 133.3, 132.7, 131.0, 129.8, 127.2, 125.4, 124.3, 123.7, 121.4, 117.5, 110.7, 20.9.

HRMS (EI) m/z calcd. for C{7H4BrNS: 343.0026, found: 343.0020.

SORSN

NO,
4-Nitro-2-(p-tolylthio)naphthalen-1-amine (6ab): Brown solid, yield: 48.4 mg, 78%. '"H NMR
(400 MHz, CDCl;) 6 8.93 (d, J = 8.8 Hz, 1H), 8.64 (s, 1H), 7.84 (d, J = 8.5 Hz, 1H), 7.76-7.72 (m,
1H), 7.59-7.55 (m, 1H), 7.05 (s, 4H), 5.82 (s, 2H), 2.28 (s, 3H). *C NMR (100 MHz, CDCl;) &
151.5, 136.5, 135.9, 135.1, 131.3, 130.5, 130.1, 127.8, 127.5, 126.5, 124.8, 121.8, 121.5, 107.2,

20.9. HRMS (EI) m/z calcd. for C,7H;4N,0,S: 310.0773, found: 310.0768.

8-Amino-1,5-bis(p-tolylthio)naphthalen-2-ol (6ac): Brown solid, yield: 36.3 mg, 45%. '"H NMR
(400 MHz, CDCl;) 6 10.47 (s, 1H), 7.82 (d, /= 8.9 Hz, 1H), 7.71 (d, J= 7.2 Hz, 1H), 7.53 (d, J =
7.9 Hz, 1H), 7.33-7.25 (m, 5H), 7.04 (d, J = 8.2 Hz, 2H), 6.95 (d, J = 8.2 Hz, 2H), 6.90 (d, J= 8.2
Hz, 2H), 2.29 (s, 3H), 2.26 (s, 3H). 3C NMR (100 MHz, CDCl3) § 158.2, 143.4, 137.3, 136.0,
134.6, 132.7, 131.2, 130.5, 129.7, 129.1, 127.4, 126.8, 126.4, 125.7, 124.0, 120.8, 117.0, 104.1,

21.4,20.9. HRMS (EI) m/z calcd. for C,4H;NOS,: 403.1061, found: 403.1054.
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5,7-Bis(p-tolylthio)quinolin-8-amine (6ad):> Yellow solid, yield: 40.4 mg, 52%. '"H NMR (400
MHz, CDCl;) 6 8.74-8.73 (m, 1H), 8.59-8.56 (m, 1H), 7.94 (s, 1H), 7.40 (dd, J = 8.5, 4.2 Hz, 1H),
7.06 (dd, J=17.6, 8.2 Hz, 4H), 6.95 (dd, J = 14.9, 8.4 Hz, 4H), 5.96 (s, 2H), 2.28 (s, 3H), 2.24 (s,
3H). 3C NMR (100 MHz, CDCl;) & 148.6, 147.8, 143.3, 138.8, 135.8, 135.2, 135.1, 134.7, 132.3,

130.7,129.9, 129.6, 127.5, 126.7, 122.9, 114.6, 109.5, 20.9, 20.8.

3,4,5-Trimethoxy-2,6-bis(p-tolylthio)aniline (6ae): Yellow solid, yield: 37.6 mg, 44%. 'H NMR
(400 MHz, CDCls) 8 7.01 (dd, J = 15.8, 8.3 Hz, 8H), 3.86 (s, 6H), 3.83 (s, 3H), 2.27 (s, 6H). 3C
NMR (1010 MHz, CDCl;) & 158.4, 149.3, 138.0, 135.2, 133.0, 129.7, 126.2, 103.9, 61.6, 61.3,

20.9. HRMS (EI) m/z calcd. for Cy3H,5NO5S,: 427.1273, found: 427.1268.

S H /@/
_0 N.g
/7 \
o 00
_O

4-Methyl-N-(3.,4,5-trimethoxy-2-(p-tolylthio)phenyl)benzenesulfonamide (6af): White solid,
yield: 23.0 mg, 25%. 'H NMR (400 MHz, CDCl;) 6 7.88 (s, 1H), 7.54 (d, J= 8.1 Hz, 2H), 7.19 (s,
1H), 7.11 (d, J = 8.1 Hz, 2H), 6.92 (d, J = 8.0 Hz, 2H), 6.71 (d, J = 8.0 Hz, 2H), 3.91 (s, 3H), 3.79
(s, 3H), 3.67 (s, 3H), 2.36 (s, 3H), 2.27 (s, 3H). 3C NMR (100 MHz, CDCl;) & 155.6, 155.5,
143.9, 139.2, 136.2, 135.6, 135.5, 132.5, 129.7, 129.5, 127.2, 126.4, 107.2, 99.0, 61.4, 61.0, 56.1,

21.5,20.9. HRMS (EI) m/z calcd. for C3H,sNOsS,: 459.1168, found: 459.1166.
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SOAS
N-Phenyl-1-(p-tolylthio)naphthalen-2-amine (6ag): Brown solid, yield: 34.1 mg, 50%. 'H NMR
(400 MHz, CDCl;) 6 8.33 (d, J=8.5 Hz, 1H), 7.78-7.71 (m, 2H), 7.53 (d, /=9.0 Hz, 1H), 7.43 (t,
J=7.6 Hz, 1H), 7.35 (s, 1H), 7.31-7.26 (m, 3H), 7.15 (d, J = 8.2 Hz, 2H), 7.06-7.02 (m, 1H),
6.96-6.94 (m, 4H), 2.21 (s, 3H). *C NMR (100 MHz, CDCl;) 8 145.7, 141.6, 138.2, 136.5, 135.1,
132.9, 131.3, 129.8, 129.3, 128.3, 127.7, 126.1, 124.8, 123.2, 123.1, 121.3, 116.4, 108.6, 20.8.

HRMS (EI) m/z calcd. for C,3H oNS: 341.1234, found: 341.1230.

2,3-Bis(p-tolylthio)-1H-indole (6ah):% Colorless oil, yield: 33.2 mg, 46%. '"H NMR (400 MHz,
CDCly) 6 8.21 (s, 1H), 7.56 (d, J=7.9 Hz, 1H), 7.27-7.18 (m, 4H), 7.14-7.02 (m, 5H), 6.95 (d, J =
8.1 Hz, 2H), 2.30 (s, 3H), 2.24 (s, 3H). 3*C NMR (100 MHz, CDCl;) 8 137.7, 136.7, 134.8, 134.6,

134.4,130.7,130.2, 130.1, 130.0, 129.4, 126.9, 123.4, 121.0, 119.7, 110.9, 108.2, 21.0, 20.9.

S15



4. References

1. G. Yan, A. J. Borah and L. Wang, Org. Biomol. Chem., 2014, 12, 9557.

2.J. A. Fernandez-Salas, A. P. Pulis, D. J. Procter, Chem. Commun., 2016, 52, 12364.

3. X. Kang, R. Yan, G. Yu, X. Pang, X. Liu, X. Li, L. Xiang and G. Huang, J. Org. Chem., 2014,
79, 10605.

4. D. Wang, S. Guo, R. Zhang, S. Lin and Z. Yan, RSC 4dv., 2016, 6, 54377.

5.Y.Lin, G. Lu, G. Wang and W. Yi, Adv. Synth. Catal., 2016, 358, 4100.

6. L. Chen, P. Liu, J. Wu and B. Dai, Tetrahedron, 2018, 74, 1513.

S16



5. 'H and 3C NMR spectra of products

00000-—

89LTT—

6910%—

FO8L 9
EGUERE
06969
SRET'LA
EH9F LA
[T8F LA
968F LA
186F L1
S90S LY
€605°L
EFIS L
89TSLA
Cles' L=
OvEL L+
st
9667 8-
HSIEs

SLICS

mmmm.x._

06EE'8-

5.

OO

=00¢

=001
Ny

0T
=00°1

koot

2.0 1.5 1.0 05 0.0

2.5

3.0

45 40
f1 (ppm)

5.0

il ]

6.5 6.0

7.0

]

8.0

8.5

9.0

I'H NMR of 3aa

TP9R'0T—

LED9SE—

£789'9Ly
Q000TLL
ELIELL

LFS6E0T—
TH06°0T1 1
L69FTTIA
T8T9'STI
£806'ST1
SS8pOT1
LSETLTI-F
op1s LY
9865°6T1/
33&%
6670°SE 1
OIII'SEL!

[L1898T—

&
ISR OO
My o’

170 160 150 140 130 120 110 100 9 80 70 60 50 40 30
f1 (ppm)

180

I3C NMR of 3aa

S17



0000°0—

SLOOY—

LOBLO
L6089
TEI0°L]

8€50°L1

age
TETL]

HSTL]
6LITLY
6£8YLd
xm%.J
PE0S LA
PLOS L
L6150
WLLL~
w6
OPOE'S
mm_m.ww
161€'8
wues’

_ACHy

=E0e

0.0

0.5

1.0

85 80 75 70 65 60 55 50 45 40 35 30
f1 (ppm)

9.0

"H NMR of 3ab

FO19S5—

$T89°9L+
0000°LL
LLIELL

6986°E0]—

Treoozy
Nadzaat

S8667T14
8689°s7 14
69€6'ST1+
#3971
9919°LT —._“_

6€LL 8T
TILrseld

zTLLsEl]
LT663€1

TER0LST—

Tty

100 9 80 70 60 50 40 30 20 10
f1 (ppm)

110

170 160 150 140 130

180

3C NMR of 3ab

S18



0000°0-—

192T1—

L80s;

LT6L'91
11L6]
L6691
85S1°L
0LL1L
TCITL
999t°L1
66LF°L]
LESY L]
1T6%LT
SL6bLe
9£08°LN
T
psisL4
TRIS LA
€261y
88EL'L

LBSL hJ_,r

F967'81
910€'8
10TER

175¢°8]
LOLE S

95

_~CHy

HE
HC

=, =06

e S

0.0

0.5

1.5 1.0

2.0

3.0

70 65 60 55 50 45 40 35
f1 (ppm)

7.5

8.0

8.5

9.0

I'H NMR of 3ac

POTT1E~
ETLTPE—

9T8E

vy
W
-n

1T89'9Ly
Q000 LL
PLIELL

BEIRE0L
€879°ST1
65S85TI
LO66'ST I
1254921
§7999C1
sozs LTl
€58 _.mm_v
8TSTSEN
16s¢seld

TS0T8rI—

68PR9S1—

CHy

3
Y
o o

99
90§9°0C1— -=
9E9b T — -Iqﬁ
€829°STIy |
6558° mr_r.uL
L066°5TT _
125t ON_T
$799° mm_
s9z¢” a_

125 123
f1 (ppm)

127

129

70 60 50 40 30 20 10

80

170 160 150 140 130 120 110 100

180

f1 (ppm)

I3C NMR of 3ac

S19



0000°0—

9169eE—
9€96'c—

ZLIL9;
7Ll
88€L°91
ILPLY]
8001°L1
1221°L1
CLIT LA
8157'L]
mxcv.h._
1L8t'L
Ol6t LA
7605'LA

ﬁ
:

655 LA

r

SITYLF

SIvoL!
POLT 8

LS6T3+
eLeesd

TLses!

_~CHy

HyG
Ty

A

J

4:1_'[14‘

=0t
=£0'e

tSo'e
0T
H_ﬂmo.m
H_l_,n._ I

rO0°1
m.oo. I

0.0

0.5

1.0

3.0

50 45 40 35
f1 (ppm)

"H NMR of 3ad

85 80 75 70 635 60 33

9.0

LLITSS,
60£5°654

ST89'9Ly
0000 LL
08T€LL

1006°€01—
PT6S T,
90SHTTI)

865S'STI{

v_mc.mm_,/A»
POREIT I
R6EE'LTI—
PLrSTI
EPET0E] ._ﬂ
Ex_‘._c.mm_ku_
LLOFPET

FECEOS T~
FOETRS T

30

40

60

70

80

90
f1 (ppm)
S20

100

3C NMR of 3ad

110

120

130

~CHy
Wl
150 140

160

170

180



0000°0-—

£or0r—

06£8°9
065891
L900°L]
PLTO'LA
0vT L
PREELe
T65€°L
0205°L1
1015°L1
9815°L1
£975°L
presid
sersLd
8918°L4
89€8°LF
SPIT8
12781
€0ET'8A
6857’8

SLPT'S

LiEcs
6THE'S
915€8]
685€°8"

_-CHy

= FI0°E

0.0

0.5

1.5 1.0

20

3.0

55 50 45 40 35
f1 (ppm)

6.0

6.5

75 70

8.0

8.5

9.0

I'H NMR of 3ae

6T0LSS—

0000°LL

nmmo.ohw
GLIELL

60201
ORTSSTI
19955T1
P9 ST
9TF6'STIA
D90L9T 1~
0000871
POLTSE T
£6+9°9¢1-

FILO PRI —

6TEL'LST—

9SS0 8II—

oL T — -

]

SO6V'STI~
98TS'STIF -
1995°SZ14
orr9sTiy
9Tr6'sTI4
erecozt/
0659971
090L 9T 147
17869714
osoeLz1d

0000°8TI—

e ol
Ao
123

117

119

fl (ppm)

121

=

et

B .
7

|
iy _JIL___h

125.0

_JL TR
12I[‘1 0 I

128.0

(ppm)

o
(o ]

1

170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

180

I3C NMR of 3ae

S21



0000°0—

5t 806:

9LLL O
L0789
LTFR91
9891
$S00°L]
T810°LT
oL
9L70°L]
SOP0°L]
NI
SO8t°L1
6987°LA
6€6t°L1
005"
TLOS LA
P11 w.i
8TILLA
[CrLL—~
1878
9THT 8
08678

woes

75058

o1egd

L
3
u

A =10°€

05 0.0

1.5 1.0

20

3.0

75 70 65 60 55 50 45 3.5
f1 (ppm)

8.0

8.5

9.0

'"H NMR of 3af

8LE

wy
wy
vy

0000°LL

mmmo.ohv
SLIELL

006091
P6LE'STIH
Em.:m:»
8985°7T 1+
W69STI4
19147571+
zersozif
%QE%
£9LLSTT]
1bS8'8z 1

6EISTE

161€SE1

TIOLET~
LTLL6ST—
6r0TT91

ELLEOTT—

898S°TTI—

Tre9' ST
9147571
TEPS 971~
20E9'LT1-
C9LLBTI-F
1788t 1

SELOEETY
0s0L€el-"
6E18PET
161661/

JR—

126 22

130

134

f1 (ppm)

L

30 20 10

40

170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

180

13C NMR of 3af

S22



00000—

00T0+—

296L°9-
791891
I+F894
cmcw.c._
WLITLT
cxmm.h._
£6LYLe
€6t 'L
0r0s Ly
0S1S°LA
_mmm.h)r
69L L,
Ko8esT
J_
IFFT8
05578
£90C°8
9L1£8
Hocegd

L

_CHy

= =¢0'¢

IJ u_rm:._
L0'z

70T
=0T

2 JE01
J 21071
001

0.0

1.0

1.5

5

4.
f1 (ppm)

7.5

8.0

8.5

9.0

'"H NMR of 3ag

6LPYSE—

9T8Y L

B9LEE0T—
SRISSII 1
TH6I611
58.2_#
BLOL'STI
9808°ST1+
Kumm.cm_M
008°LT1r
PLEOLTIF
IETLTET
Sg.wm%
SOLO9ET
9907814

LoveLST—

Br

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10
f1 (ppm)

180

3C NMR of 3ag

S23



00000—

IS10%—

owo___,.o.__
6OTL 9
_o@___..oW
Y
LFIFLA
O0F9L Ly
Qw.xh.hJ__m

£€CT8
FoET8
LpTsd
FEOE8
I8
sLzeg!

SE6E L
LYY LA
8SLY L

_mwv.ﬁ,.
0008 L~
811G L]

vhesL!

0F9L L~
OF8L L~

|||
I
.Ildl II
(= ]
=

Wl
b

LI B B B B s e B B S S R B S B | L B E e

7.40

Feadi

7.85

—= =I0¢

p—— 1

€0l

et 220°T
Rg0T
== (]

POl
001

i

0.0

0.5

1.0

4.5
f1 (ppm)

Jed

6.0

6.5

7.0

7.5

8.0

9.0

"H NMR of 3ah

8059°55—

9789°9L+
0000°LL

FI9T 68—

8S66°E01—
PERO'611Y

8F0S'STI|
£865971-L
1508°LT1
08918714
£600SE1F
OLTT9€] |
mgw.hm_k_,
PO6L6ET

LPLELST—

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30
f1 (ppm)

180

3C NMR of 3ah

S24



0000°0—

sl64s
8L88'9
818691
98691
TF00°LA
LIsTLd
LTS
69T5'L7
Tees L
6ESLe
SIFSL
6SYS'L
9678'L1
96v8'LY
89V6' LT
06964
wrisy
T6v1'81
PESTR

91918~
€991°8
SISEg
s95¢°g
9b95'g
Lseegd

CHy

=p0'E

0.0

0.5

1.0

3.0

40 35

4.5
f1 (ppm)

"H NMR of 3ai

REOLSE—

$Z89°9L+
0000°LL
ILIELL

i

9 _a,mm_d___

9988°€T 14|
PLRTSTIY
a%.om_w#
PEELOTIE
1$12'821
E1SHFET~
6L8ROET—

LSS8PPI—
Pe196rl—

BOLOBSI—

P16TTI~
9988'€T 1
vITovzi—

124

Emm,ﬁ_]ﬁ\
6660971~ |U
FEELOTI~ 2

126

128

ISTT8TI—

.
o

1 (ppm)

L gian s

-

30 20 10

40

170 160 150 140 130 120 110 100 90 8 70 60
f1 (ppm)

180

3C NMR of 3ai

S25



0000°0-— - FE
B
E eS8 8IT—
- L o
S ., ] 186L° 121~
= | 1659°TT1—
O 8TEI'STI
F 3 0SPL ST
o sTT8 STl
|« 6799971,
ol oty 1978°LTI
& 0199°Ss 61066zl
e TL86°6TI
3 - 9T89'9Ly
" 0000 LL
T == . 10¢f F b ;
2195, = = a8t
LOT991 [l o P60L 1117 "
£0F994 < B CETOL LI c/
8¥r9°91 = = 7986°T 11 o O 9
€E1L91 = Z 0€TTEN
981£°9 | | ) TTSRRIIY O
696L9] { » = 18SL1Z1H
L91891 9199 W | 2 | i 1659TTIY u
_%Nw.w” L0299~ =Logp ° % 0spLSTI
0 £0F99~ ] -2 STT8STIE
o I ) | s
280 1978°LT1-E
LL60LA PELL9y X & _ 960 61066717
ereTLE b —Liep B -Im. TL60 m;@.@ml
PE0S'LA| kY = & ) PO 2 serserdf
ISy POEL e Re0'l S604°9€ 1
A I B B
10Z8'L 9189~ ———=—_1+0¢° —00T
g T T gt
S18T8L o 5
£€01€'8 _A | % E0e | oSn LLLTHI1—
97TEs =
T9TES &
T0KEs- &

10

120
20

30

125
f1 (ppm)

40

50

130
60

80 70
S26

90
f1 (ppm)

110 100
13C NMR of 3aj

120

130

170 160 150 140

180




0oooo—

Fepdb
PE9RY-
6rPTL]
1207°L1
SEIT LA
808T'L1
SE8TLA
126TL]
LL6TL]
120€°L1
9c1S'L]
8175°L]
9675 L1
T |
€OpSL]
1908°L-
192829
LORT8A _r
OR61°849

950" i.

= =L0E

=

S —

—= 2107
2001

Lb0'T

R701
JE0T

H\vo I

0.0

1.5 1.0

2.0

3.0

4% 40 3.5

f1 (ppm)

5.0

1.5

8.0

8.5

9.0

"H NMR of 3ak

RO SE—

FTRY 9L
0000 LL

51 Ealn
STLY 2:__
6€7E'STIL
8EL6'STI Y
POr08TIY
60PTSTIE
09¥8'8T1
Tieezty
0LLOOE] _,+
8TSHTE] __ﬁ
TELLOETY |
€908° 11/

TOSR'LSI—

WIS LIT— g
6TrE8IT— I

S8 — ~——
6ETESTIH

xmm.mm_/f =
P9 T
PP 8TIA

—y - | Bt

60KT8T1 -+ ===

09¥8°8T1F ——
AR tA AL .J
0LLO"0ETY

t

_-CHy

118

122

126

130

f1 (ppm)

30 20 10

40

170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

180

3C NMR of 3ak

S27



0000°0—

wleT—

e
TE9891
6660 LA
86117
60STLT
SHETLA
TOLTLT
B6BTL
S00S°LA
LS0S"LA
SO1EL
LyTS LA
11LS LT
DI6SLg
€L19°L
SHT8'LY
SHP8°L4
6LRT1°84

1961°87k

P

S BO0E

|

EO0E

|

= 00
e ()]
= =000

- H\—D.N

- M Ap0g
] 2201

J “m_.cc._
Mu::._

0.0

0.5

15 19

2.0

3.0

40 35

4.5
f1 (ppm)

6.5

7.0

7

8.0

8.5

9.0

"H NMR of 3al

09ETFr—

9eLY 85—

1289°9Ly
0000°LL+

zeIeLL!

5E 01
£T9E°ETI
SS8TFTI
SPRESTIA
P068'ST 1A
BOTO'LTIN
€E656T1—
£FR9°0E1 ﬂ__.
8918 FET
SE69°9€1F
FRO6GOFT
w691 Tr1

SeSLLSI—

[T09°LIT—

omww.mm_/
£T9E°ETT~
SE8T 1~
SPRESTI~
H068'STT-
SPR99TTY
89T6'LT1~
£E65°6T1~,
£F89°0E T,

_d

4

e

122 118
f1 (ppm)

126

130

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

180

3C NMR of 3al

S28



0000°0—

9T8YT—

(53657
81150
FOLL 94
€06491
11€897
861789
88980
09560
67L691
806691
09€1°L7
SES LT
0S¥ L
STLY'L
TI8YL
€881,
L96VL
6L99'L~
6L L
17€T8A

BLFTH |
79578

6£0€'8

PTIES

187¢8-

AL

FTI0E

== =00'¢

_CHy

o)
5
CHa

) OO
n—
E €01
M 501
L0l

—— 0T
= EO0']

20 15 1.0 05 0.0

23

45 40 35 30
f1 (ppm)

5.0

85 80 75 7.0 65

9.0

'H NMR of 3am

orot—

88957 66—

Z89°9Ly
0000°LL

sBILE

IF16+T1
9849571
19LLST 1
8LIE9TI
LT0S9T1
P8 OT14
HOSSLTIY
08166714
95€0°SE T
£L60°SE1
S6TISEN!

FEEROST—

CHy

dani e Lot

50 40 30 20 10

60

170 160 150 140 130 120 110 100 90 80
f1 (ppm)

180

I3C NMR of 3am

S29



0oooo-—

eHRps
6EFF 9
£195°91
6E9F 91
££€8°01
FESE9
008891
886891
£8€0°L1
LOTTL
18€T°L1
£LoviLg
9505°L1
A ya |
sizs'Lf
I8 LY
OpEs’Ly|
61 _m.w._r
6L1T81
9LTT ]
09€T8
£CTER
90€€8
L6EES
S9rE8

€EERY
PESSO~
0088°9—
886897

wh_o.hu___
£0TO°LL
ERE0L—
S9S0°L
0650°L

LOTTL~
I8¢TL

CHy
0/

6.85

7.00
f1 (ppm)

1.15

7.30

==

=00'e

0.0

0.5

1.5 1.0

2.0

3.0

85 80 75 70 65 60 55 50 45 40 35
f1 (ppm)

9.0

'H NMR of 3an

LOLYSE—

TTRY 9L
0000°LL
OLTELL

1035691
PSL9°TT

PLOSET ]
790L°ST14
0LLS'STI

00€0°LTT-E
zc09Lz1d
n6ze LTl
9596'9€1-

ws0syi—

W99Lsl—

_CHa

170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

180

I3C NMR of 3an

S30



0000°0-—

85608

(88S 9
878L91
L16L91
€081
$118°91
L1£89]
£E10°L]
zeT0Ld
PLTOLA
£€£0°L4
6TH0'L1
o6 L+
ceos L
TSyl

LOTE LA
_mmm.?_.
RTOHL'L
8TIV'L

F16T8
S66T'8
6608
LSTE]
LSTER
[443%

80LL'9Y
8T8L 9
L a%w
N%m.&
81 _x.c.\_.
L1£8°9

£€10°Ly
TET0'Lo|
PLTO'L
£EE0°LY
6THO'L!

-CHy

L&
——r0f
—" g
\Im-. —_—
B
| o=
= Fu0%
== [ n
Y [ =
- =20°€
w w
]
S
=]
“
< == L0
> - FHT
LA - FU0T
o —_—
m u
lobs9- ——F LBE - E10T
A v
689 =—— _ Lip| & = Foo1
0885'9— ———— o
| 8
J Fooz
R
&

0.0

0.5

L5 1.0

2.0

65 60 55 50 .45 406 35 20
f1 (ppm)

7.0

7.5

8.0

9.0

TH NMR of 3a0

S0S9°6S—

PT899Ly
0000 LL
PLIELL

€008
€97921Y
€65EPTI4
9E6E T4
S80LSTI
OPSL'STI
8115°9T1
698591
PI9L LTI
6089°8T 14
£991°9¢ 1/

TBPELSTY
S8IZLST
290€°091/

o2 e
£65€°HTI1

9¢6¢ P71
s80LSTIY - |

OFSL'STI _
8901°971 m
PSLTOTIE =
m__w.cm_ﬁ =
6985971
Eﬁ.hm%
6089871
TToL 8Tl

66ETSEl~
€991°9¢1— -~

]

128 124 120
f1 (ppm)

132

136

30 20 10

40

170 160 150 140 130 120 110 100 9 80 70 60
f1 (ppm)

180

I3C NMR of 3a0

S31



00000—

GHBO G
9689
91691
9zE 1L
£5€1Le
LEPT'L]
01ST'L
OFST'LT
S9ST L
88ST'L1
LSOS'L
9605°L1
6LISLY
sezsLd
s62s'Lq
ORES°L4

8IPSLA]
ThS8'Ly
IFL8L~L
LFEI'8~,
TEST'84
T6ST'S
SE8TS
PFSE'S
geLeg

01L5°9
29459
SE8C9—
88597/
816597

6.52

i
6.58
f1 (ppm)

S i

00ET"84
4% B e ———
LOPI 8 F-—=——"]
mmm_.x.x_‘ g

TOST'8
65978 3
01LT8~ ==

6LLT ST
se8T'8
PPSes
019€ 8=z

8TLE§F==—]

[8L°87

7 s Y 8' M i Sl_k‘l

8.25 8.15

f1 (ppm)

8.35

I

L

§l

N

i

HOE

Lo
RT0°1
Roz

90T

N

[=R=8=
Qe

001

[T -

0.0

0.5

1.0

45 40 35 30
f1 (ppm)

65 600 55 50

7.0

7.5

8.0

9.0

'"H NMR of 3ap

ELOLSS—

STRY 9Ly
0000°LL
SLIELL

e gaat
QLT PTI
SETHSTI
SO8RETIA
1SL09Z 1+
90699Z 1~
gtse LTl
8pLI'STIY
mxmm.mm_._n_“
T60T'SE1
89T LET
Lrioorn

LTOHORST—

ROBOBII— —

0PP8 TTIY
9LSKHTI.
wmmv.mm_%
S088'STI~:
1$L0°9T1 =
9069 9T 14f
£TS6°LTTY "
8PLI'STI

sgseeel”
2607°5€14
SOPTLEL" T
LPIOOF I

130 125 120
f1 (ppm)

|
L
T
135

|
I
140

PRLOPFI— -1k

145

170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

180

13C NMR of 3ap

S32



0000°0—

wior—

nwwm.oW
04EY;
089+
06789

SLEE L
6TrELL

0805 L4

wIsLy
ge8L L
€08y
£151°84
95zeg!

e

148L°97
968L°97

P608 97—
06789~

Gk

15181
1851°8
Sm_.wwﬂw
0Lo 18
peL1gd

£L1€87
9STE R
2eess
weesd
91p¢'s

fL%

S,

8.15

8.25

8.35

S0°

f1 (ppm)

L

6.80 6.75 6.70

fl (ppm)

6.85

=p0'€

=01
ESOT

o0l
Loo'T
01
rool
Z00°]

0.0

0.5

1.0

35

4.0

65 6.0 55 50 45
f1 (ppm)

7.0

1.5

8.0

85

9.0

'H NMR of 3aq

LFLOSE—

PT89'9Ly
0000 LL
ILIELL

Hel ol
6515°ST1
1§96°SC1
£199°07 11
6591°LT1 5
ST8FLTI
WHosTI
HIBG'RT _L_“_.
1$9¥°0€1
TEY0'SET
L1989€1
850€°LET

QELLLST—

TIsSLIT— i

TLPLTT—
6S15°STI+

1§96'STI7

£199°921L
6S91°LTIN 3
ST8P LTI
TTHO'STI~
8186'8T1~
1S9t €1

€r99°0EIL  _d

o
o]
k)

O A

121

126

131

=]

=]

f1 (ppm)

I
A

i

1Ll

100 9 8 70 60 50 40 30
f1 (ppm)

110

170 160 150 140 130

180

3C NMR of 3aq

S33



0000°0—

1LTE T~
SeLETS

L968E—

LPES97
15559

_mcw.c&.
LSETLAt
m%m.T_/
16L5°L
bI8SL—>

BRSTEY
8097°8-L

008T'8
16TE8

26+¢'8

[

M

CHy

868¥'Ly
ST6b'LL
1L0S°L
6605 L -
9175 L]
POES'L
z7855°L
LI9S'L
16L5°L
$I86°L
£965°L
9665 L)

885787
R09T°8-L

00878

CHy

HaC

|“W¢,D,
e

seres!

T

1.7

7.9
f1 (ppm)

8.1

€0'E
109

EEOE

FIOT

Q0T

FOT
SOl

SO1
00l

0.0

65 60 55 50 45 40 35 30 25 20 15 10 05
f1 (ppm)

7.0

7.5

8.0

85

9.0

I'H NMR of 3ar

S601'1T~,
$889° 17

SLyPrSs—

8TRY 9L
0000°LL
LLIELL

ThLE591:
HLYTTI
0696°€T11
LOPFSTIA
9986'ST1+
LPIT9Z1
0L6v9T1
0£9¢'6714
€eLoern!
08263517
009L°€p1+

[L6EEST—

IpsTetlr ——=
ow___.w.mm_k___.
0696 ETl— —3

LOW'STIN |
Q986°CTI~ -
wiregy
E%@N_Hﬁ i
¥ZL9°LT1

0£9¢° 68 ~——s

€eLo el — -

b

124

f1 (ppm)

129
o

ChHy

~CHg

CHy

HC

. il

30 20 10

40

170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

180

I3C NMR of 3ar

S34



0000°0-—

Q405
L8089
00£8'91
01 1L
LTETL
81STL]
LLOFL]
0811
110S°L]
PRI
6LESL]
LESS LA
66L5L1
ORRS LA
L0091
F689'LF
FE0L LA
878N
LEPS LA

60678
ROOCR
L07€'8
76£€84
POSHS
1rsd

L

_~CHy

LL9¥ Ly
0€8Y'L
10S°L
P8IS'L

6LES L ==

SPR'L~ -.N”I.\_

LrrEL

1L8T8y
6067'8-%
8608~
LOTE'S—
T6EC°8F
£EpEsY

FOS 8—
T1LF8—

—

| =
-~
| M _
-~
0%
|A_
L g —
=
=& 7
D-?
s
s
o
L o
o
= FO0€
4
I T o
5| =
=3 L e
oc
IUI_Dws LUwr_DN
N BaE ——ma F(0) |
__ 2 U
o= Mﬂn T0'1
A= hlw :
o — §I01
B (e
J = LTQN
oo’} — ko011
1 Im
| 0

0.0

0.5

LS 1.0

20

3.0

75 70 65 60 55 50 45 40 35
f1 (ppm)

8.0

8.5

9.0

TH NMR of 3as

10T9°55—

0000°LL

wmwo.onv
PLICLL

cEoLRRL
06V HT]
0S1I'sTl
91TLSTIY
LEORETI
ST0T9T
8109°L214
99Lp'8T1
STOLEE]
W08 FEl
8S6TE
LELI9'GET

0P8 oS —

FROOOTT— —
TELS'TTI

0STI'STI|
91TL'STIy ]

LSOR'STIN—
ST0TITIF T
LLBS9TT, —
8109° L1 =
99Ly'8T 14

[LFOTET— e

STOL'EET~,
T608FET, B
TRS6FET -
Le1oseld

_-CHg

125 120
1 (ppm)

130

135

—4

30 20 10

40

170 160 150 140 130 120 110 100 90 8 70 60
f1 (ppm)

180

I3C NMR of 3as

S35



0000°0—

8805
61089
L8LTLA
1€81°L7
£00T LA
LPOT L
6 1€L
WTeL
LEEE L
68EE°LA
€002
865HL
£69tL7
16LyL4
100521
016s'L+
9z19°LE
TS08°LL
1578

67168
€678

0LEER
1€5€8d

0165 L—
9TIYL—

§999'Ly
0ELY L~
€6L9' LY
1689'L

TS08'L— ———————

1ST8°L—

— 001

7.60 7.55

7.65

fl (ppm)

7.80 7.75 7.70

7.85

|

N

=l0¢

r1oL
5501

0T
660
£e

F001
BZ01

0T
FOOT

0.0

0.5

1.0

35 990 6&FY 60 35

8.0

8.5

9.0

f1 (ppm)

"H NMR of 3at

809 55—

$T89°9L7
00007 LL—
9L1ELL!

geeedly

IpLypT]
IF81°STI
LETECTIH
WTLSTI
6968°5T1
FoeLotl
6L169T14
r19LTI
08S9°LTL
LLEESTI
96TLSET

9LOTLST—

|TLe6I— e

THETERLS
LSTESTIA
TTTLSTIL o
FOLE9TI
GLI69T]—~ —e
PRI9 LTI =
0$59°LTIf
LLEE 8T

SIFe1el— ==

POTL EEI— —
89T1°SEl-
96TL SEl~
Pror oLl — =

132 128 124 120
f1 (ppm)

136

I

30 20 10

40

170 160 150 140 130 120 110 100 90 8 70 60
f1 (ppm)

180

13C NMR of 3at

S36



0000°0-—

OOFIT—
9LLYT—

oPret—

08599,
£8L994
TSEDLA
FES0LA
CTIFTLA
9961 "L
6861 L
T91S7°Ly _.
FrESLA

99£67LA
LOLS'LY
LELS'LY
ST6SLA
9809°LA
LITgL-

LSLTR
LS6TB—F
Pore8’

EpOE

g Wsiees e o g i

—= FS0E

D/C'ﬁ
I CH,
;
D
|
D

F0e

.\

0L
= EOO'T
- €l
N Mmo,_

=== FI0T

0.0

0.5

15 1.0

2.0

40 35 30

4.5
f1 (ppm)

35 50

6.0

7.5 7.0

8.0

9.0

'H NMR of 3au

68TE01~
S8LSTITY

Foor ss—

£289°9L7
0000'LL+}

LLIELL

CTLSREDI~
SFEP'SOT-

8879°TT 1
6878°TTI
986671
STEI9STI ¢
£980°9T
0905914
T100°LT1
89€TEN

FCRRPSI—

W0rETII—

LOBSTLI—

170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10
f1 (ppm)

180

I3C NMR of 3au

S37



00000~
w.woo.cv.

erITi—

S0T6'9
97694
05694
STL697
9L0TLA
89171
91TTLY
6+0€°LT
080€°L
112€°L
1LTE LT
€0EE°LA
T8EC°LT
COPELF
[88C°LAL
06 L2

CHy

OH

E0E

0.0

0.5

1.5 1.0

20

3.0

55 50 45 40 35
f1 (ppm)

6.0

7.0

1.5

8.0

9.0

TH NMR of 4aa

Ires0t—

PI8Y9Ly
(

"LL
LOtELL?

6ol 81l
08YLETI Y|
S00LPT14
LOPO9TI
0EER'LTI
6LOFSTIf
60£F°6T1

P66 1
T60L 1€

SP6STEL

SY4 9S8

£TEROSI—

f1 (ppm)

08PL€TTI— - L&
SO0LPTI— ]w =
LOPO9T1+ -||J
0EE8LTI—  — &
6LEFSTI L
60Tl |
pp06'6217
TOOLTET~ —~ | o
SPesTEINn. [ 2
SH6ESET- A e
SSTRGET ™
z

170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

180

I3C NMR of 4aa

S38



0000°0—

€S1T—

0lve'e—

LEE6'9
1PTE L
SOFE L
619€°L
918 LT
mmow.n.__.
LISt L
S661L
6105°LF
9064 'L
S018°L-L
Eg.ﬂm
0876°L

099F8-_
PLRTSS

CHy

HE0E

10}

5 =00°¢

< BH0F

== SI'T

L0
=001
S0

001

0.0

0.5

1.5 1.0

20

3.0

45 40 35

f1 (ppm)

5.0

85 80 175

9.0

"H NMR of 4ab

8STR0T—

0006'95—

ETRY 9L
0000°LL
SLIELL

137,27
TI8Y'STIy
1109°9T1
P619°LT1-
LL8T8TTY
S0VF6T1
0TS 6T
PLTSTEL]
6LESTE
€759

Frlesi—

ssTovTl b
TSFSTI~  _
1109971~ 5
P619°LT1 .
LLBT'RTI~ £ F
80P 6T L
90T 671~ =t [
06¥10E1<
PLTR TET~, L

127

133

6LESFET— -
€TSTIE T
0SFH9gT- =

CHy

f1 (ppm)

100 9 8 70 60 50 40 30 20 10
f1 (ppm)

110

170 160 150 140 130

180

3C NMR of 4ab

S39



00000—

LTTTT—

SET
9TS 1+,
00L1+
PLY1 -

F1T6'9
8169
61L6'9
£TH6'91
16TTLT
86LT LA
£T0ELA
10F€° LT
186€°L 7
CLLE L
CEOP LA
T8 L

L

810§°LA
LLLliin

6L6LL~
oLy

6168724
06618
HTS'S

CH,

ESOT

Foot

0.0

0.5

1.0

1.5

20

3.0

65 60 55 50 45 40 35
f1 (ppm)

7.0

1.5

8.0

8.5

9.0

I'H NMR of 4ac

9P ¥FI—
61680T—

0FoF c9—

PT89'9Ly
0000 LL
9LIELL

06631
6995°ST 1
9LST'LTI w
9IEr LT
POEI'STI
86£€6T1
9PES6TI
880b'1€1
OLI9PET
ozsLpel!

OTIv8sI—

T886'ET1
6995 ST~

9LST'LTIA

QTEF LTI -

POET'BTI—

S6EL6TI~ -

9pes6Tl
SROF1E1~

0LTOFET~
0TsLpeld
L19T9E1-

128 124
f1 (ppm)

132

136

g e e

30

40

170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

180

I3C NMR of 4ac

S40



0000°0-—

9LETT—

£816'91
16E69
108691
9000°Lq
6LETLT
LTOE L
0STELT
68071
hm_vfﬁ
POEP Ly
mmmﬁ#
TTTYLn,
LEPOLS
r608L
Lieged
090F'8
€018

CHy

OH

Br.

oo o

I

=t0'e

1.5

2.0

3.0

40 35

4.5

85 80 75 70 65 60 55 50
f1 (ppm)

9.0

"H NMR of 4ad

T6580T—

9T89'9Ly
0000 LL
WICLL

3 Al
$889°TT 14
ILELITIA
€1969T 14
€E9T°LTI
0TSSLTI%
06F00E 14
6FR00ETY
THO0TET
WOrTET
SIRT9ET!

661SLST—

S8R9TTI—

ILEL9TI
£196971-:
mmcmﬁ_m
0TS8 LTI

06F00€ 1,
6¥80°0€1

w60 1El
v el

SIBI9el~
98FR9ET—

Chy

128 124
f1 (ppm)

132

136

l‘_.L.l- o
PR

L

ul

Lol ia s o

ety

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30
f1 (ppm)

180

3C NMR of 4ad

S41



00000—

89€TT—

L2069
PET69
IrL69
669
G01TL
PLYTL
0ETE LA
PSPEL
PEISL
%.Ew
65€S°LY
ROFS LA
6E9L°L
€98L°L
LSE6'L
SOP6'L
OrLO'S]
$960°8

OH

Br

Y e G

T -

=00°¢

0.0

0.5

1.5 10

20

3.0

55 50 45 40 35
f1 (ppm)

7.0 6.0

1.5

8.0

9.0

I'H NMR of 4ae

0298°0T—

PT899L7
0000 LL—
oL1eLL!

PrLI601—
9ITYLIL

836621
VEIRTARY
IS10°0¢El
950 0E -
LIESDELY
PRTO'TET
€LESIEN
1SS T9€ 1

BEFOLET—

TTL99TT~,
0LTL9T1<

1ST00€E14
950Y 0E T,
LIESOET-
FRTOIET-;
izezierf
€Les1eld

LPIOFEl—

1SS1°9E1—

CHy

131 128
f1 (ppm)

134

137

OH

170 160 150 140 130 120 110 100 9 80 70 60
f1 (ppm)

180

I3C NMR of 4ae

S42



0000°0-—

S00LTH
T60LT
ILILT

$TLTT—
OILTy
19207
3 el
zLLT

$€9L°9)
CILR9
126891
€069
i
L9101
89E0°L
$T80°L
FE0l .h._
essTL!

CH,

OH

|

———
1

S

==,

=o'r
=10¢

FoO't

A0l
FE0°€
0T

L0l

0.0

0.5

1.0

3.0

45 40 35
f1 (ppm)

5.0

D

1.5

8.0

8.5

9.0

'"H NMR of 4af

vowm.omxr
IT1 n.mmv.
SLS0ET

LLSTRT-F
mmam.amg__

£EBYOL
0000°LL

66¥T Tl
SelFsil—

91SE9C1 ./
1ST6'6T1y
£SE00E1+-
15911
LILSTE
€6£9°6E 1Y
19c0Trl”

0T9seSI—

OH

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30
f1 (ppm)

180

13C NMR of 4af

S43



0000°0—

wit—

&mm.ﬁ
86169
77869
LTOOL
SP10L
PIPTLA
LISTLA
wreL
SLpEL
YSEL
0ssE'L
909¢ Ly
199¢°L
8S1L
61e9°L
zors!

)
g
2 T50€
i
6169°Ly {
LTOL L~ —TroL ™
yoIL Lf S e
€511 | T
o0
| s
=
L=
o0
ZLOT'S |~ J1 o
00718 e —= Feo1
crers’ 0
L
L~ 4]
e PO
_ u u_.hm._
p Iy —— T
Y Vo
z - J Hrm_w_
e FOO'1

0.0

0.5

1.5 1.0

20

3.0

55 50 45 40 35
f1 (ppm)

6.0

85 80 75 70 65

9.0

'"H NMR of 4ag

FI98°0T—

$T89°9Ly
0000'LL
SLIELL

OFOr601—
6LPO'TII—
S999FT 1
vmcm.mm_.,_ﬁ
LSSLOTI~
SEITLTI
1S6T°LTTH
8C06'6T1
[LO00ET
EEE00ETY
S80ETIEL
66T19€TH
DELOER]
T5L69FT

CHy

100 9 8 70 60 50 40 30 20 10
f1 (ppm)

110

170 160 150 140 130

180

3C NMR of 4ag

s44



00000-— . =
|
= TL6S0T—
<
T
|l =
3 (o]
TISTT— - = =109
et
=
o~
L.
o .m ST89°9Ly
0000°LL
i L = 9LIELL
. ; v S
g 5 M+ B R
. = =
(=} =]
4 =
L0
v
1€0S'ETT—
o -2 8LTVSTIA
vT66°97 PELL'STIA
Iv10L | WLTLTI~
T950'L4 < STEODEIF
690T 'Ly - 180F0€ 14
_swm.ﬁ_n Y F08F 2 wvv_,_m_k____
88L€°LA - —= =007 05679¢€1
R98E°L -_— 20T 91T LEI—
SH6ELY 4
9zToF L
o7 L =
MMMMMJ__ m— 00T “
55878 L
LEGTS ko
=
[ o

10

20

30

40

60

70

80

CHy
CHy
90

f1 (ppm)
S45

100

3C NMR of 4ah

110

170 160 150 140 130

180




0000°0-—

SPSTT—

09€6'9+
£956'9
6L669-¢
obzoLs
PISTLF
SLIELY
FOFEL”

0LTE]A,
66£€87

OH
HO
,@ﬁ
HyT

1079

- Fooro

* £07]

F 0079

0.0

0.5

1.0

70 65 60 55 50 45 40 35
f1 (ppm)

1.5

8.0

9.0

"H NMR of 4ai

6ERR0T—

STRY9Ly
0000°LL
vn_m,hh.uw

T8LBHO1—

8S0F' 11—
99€L°0T1
8876714
L610°0E] w
OTTIET
to6s1E1d
8T809¢1-

LLOTCET—

CHy

HO

e

ui

30

40

170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

180

3C NMR of 4ai

S46



00000—

£9689
99169
96769
STE69
50569
€046
8TFI'L~,
8€91°L
:3_.%
sLETL
IrIsL
BISL
SE99°L
7989'L
099L'L
188L°L

e me——————

]

EO0E

Fieo

Fsev

10l
L00'1
Eoo

0.0

0.5

LS 1.0

20

w
(o'}

3.0

75 70 65 60 55 50 45 40 35
f1 (ppm)

8.0

9.0

'H NMR of 4aj

16T8°0T—

£289°9L+
0000°LL
LLIELL

TSL6D01
LFPTLOT
PaiT vil-
01€TSIY
9089FT 1
6LIFOTI-E
0Tre'6tl~
P@.:m_ﬂm
LOSSTELF
LT6rTEl
6918°S€ 1
TRET'LETY
OTHESS 1
ferLsl-

CHy

0

10

170 160 150 140 130 120 110 100 9 8 70 60 50 40 30
f1 (ppm)

180

13C NMR of 4aj

S47



0000°0—

605TT~

LroeT"

88616—

PL999
10089~
S0789-
1€L6°9-T
0£66'94r
PP LA

CHy

CH,

CHy

HO

Foot

FE0T
FEOT

00T

55 50 45 40 35
f1 (ppm)

85 B0 75 70 65 6.0

9.0

"H NMR of 4ak

896L 0T~
16817

7T89°9Ly
0000'LL

1€6T'STT—
gmm._m_/
86TE'STI,
6119671~
LTLIPELY
SLT6El-:

8TER'SYI—

L6 SSI—

CHy

CH,

CH,

HO

Ll

30 20 10 0

40

170 160 150 140 130 120 110 100 90 8 70 60
f1 (ppm)

180

3C NMR of 4ak

S48



00000—

1997°C—

LEROF—

m?mm.c._
1910°L
6LEDL
06vTL
SLOT'L
898TL
LogL
SELS LA,
6565°L
65E9°L
0859°L
BELLL
wmwn.h_
SO0R°L-

L

CHy

T, RN 1, VI ) (O

FE0E

4 ooz

FOOF

i ) FECT
1660
—= 2001

—— T 0oz

0.0

| ] 1.0 0.5

20

40 35 30

5

4.
f1 (ppm)

5.0

6.0

6.5

7.0

1.5

8.0

9.0

TH NMR of 6aa

68880T— - =

9T89'9Ly
0000 LL
LLIELL

CHy

€STL 0TI
[EXSSARE
£LSEITI o

8E99°CT = O o
9LOE T

681+5T14
SRYT'LTIY
PRER 6T
61960€1
OpSLTE A
FTrEEEl- . |
8199E
reoLser
060€°Sk1— -—

= G
Br
]

T
I
I
|
I

130

(T

110 100 9 80 70 60 50 40 30
f1 (ppm)

120

170 160 150 140

180

I3C NMR of 6aa

S49



0000°0-—

09LTT—

6818°6—

69F0°Ly
L¥STL
mommi
HROSL

8885°L
161L°LA
18€L°LA|
Smﬁw

0668L
H6LED B~
6263+
6SF6e'8-"

CHy

NP W

B =00'¢

7.50

NINAN e
8896 L— —————

[

8885 s

vl
7.60

161L°LA I
so°f

7.70
f1 (ppm)

I8ELy =
€951 L =
mxmh.hu_\.

1
RLTY L ~—eee——— #
06v8'L— ——— MS L

|

|

|
1
|
L
7.80

7.90
it

Feet

& EI0F
- 901
) S0
= el

i

— Loo'l
E oot

3.0

65 60 55 50 45 40 35
f1 (ppm)

7.0

7.5

8.0

85

9.0

"H NMR of 6ab

cleot—

T89°9L+
0000°LL
9LIELL

Bk 01y
LIOSFTI __
6881°9T1+
£STS'LTTH
IF18LTI
96L00E 1~
6864017
98T TEI4f
SLTISE] h___
I8159¢1

FSOSISI—

FOPSTTI~
9818 1T

LIDSFTI—
3xxv..cm_/
€5TS LTI,

-

IPI8LTI—

96L00E€T~

686F 0Ll
98TETET

SLTTSEI
BID6SE1—
IBIS9€1

i}

130 126
f1 (ppm)

134

138

CHy

30

40

170 160 150 140 130 120 110 100 90 80 70 60
f1 (ppm)

180

3C NMR of 6ab

S50



00000—

SRET T,
£687T7

9588'9,
7906'91
61699
+796'91
T8T0'LA
950" LA
99pT L
F09T Ly
9697 L
F06T L
660€ L
POEE L
91Z§ L]
€IS L]
0F0L L
12Tl L]
608 L4
zozsL!

T T i T

959k 01—

HAC

NHy

3

HO.

CHy

-

J

)

—

we
10¢

(10T
F10T
0T
Eies
20
e

Lo

Feso

0.0

1.0 05

1.5

55 50y 45 A0 35 30 2.5 20

f1 (ppm)

6.0

95 90 85 80 75 70 65

10.5

I'H NMR of 6ac

0056 0T~
1S0¥ 124

0000°LL

wmwo.onv
SLITLL

eHL B
L2T8'0T1
6LPOTTT Y
w%m.cmr“,
1008°9T 1]
E0LELTI

S8TI6TI-
SEOS0LT L____M.
ISLOTETY
006§ PE1Y_
wsTLel
LLIFERT

65LT'8S1—

HH;

HO.

HyC.

CiHy

]|JI

956911—

LTTR0TI—

HLAFTI
9€L9°STIL
$68€°9T1
1008°9T1
£0LELTI~
$RTI .mm_/.
810L°6T1~
SE0S°0E1
ssezierd
1SL9°TE1<
0065 €1~
8TS6SEI
THST'LEL~,

130

134

30 20 10

40

170 160 150 140 130 120 110 100 90 8 70 60
f1 (ppm)

180

I3C NMR of 6ac

S51



0000°0—

€5ET T
96LT T

(3565,
TLEOY
9£S69
SPLEO
I+T0°L
SPrL
0890°L
9880°L4

1453 o

9p958

60VT L—

%wm,;
P96E° L~k
L0V LT
LI L’

i AR

|.ﬂ._
5
5
N/
)_ L &
JIe
ot - R
IE
=
| £
— ,Wﬂ o
=tz = —
11 =
L7
2
L

00€
w.ﬁ__,ﬁ.,_.m

Fooz

oy
Hr_n:u
=01

Foon

FIOT
EZ0'1

0.0

0.5

1.0

3.0

45 40 35

f1 (ppm)

5.0

1.5

8.0

8.5

9.0

"H NMR of 6ad

wmmw.omv.
F506°0T

$T89°9Ly

Lo0s601—
80LSFIT—
0L88TTIY

6EPLOTIAL
SE6HLTIL
SIE96T1
6LRR 6T
oo oc1f
POETEL
PLFET
95LOGEd
9LPTSET
86£8°5¢ 1
6E9LRET
081€€ErT
SO8L LY
0EF9'8t 1

.

Ch

NHz

0

10

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30
f1 (ppm)

180

3C NMR of 6ad

S52



00000—

IFLTT—

1ST8°€~,
Lsses

£FR6°97
:m::.hx___..
8ET0'LS
PrPOLAT
essTLd

05 0.0

1.0

AL

35

4.0

L .

50 45
1 (ppm)

I'H NMR of 6ae

5

5

6.0

7.0

7.5

8.0

9.0

0F880T—

FI0E19
989§ _cvn

1289°9Ly

SELREOI—

01¥T9T1~,
LBTL6TT~
IFSOEET~
I861°SE1-
66F08ET7

LIveeri—

T00¥'8s1—

30

40

50

60

70

80

90
f1 (ppm)
S53

100
I3C NMR of 6ae

110

120

160 150 140 130

170

180



00000— . =
|
e 0T68°0T~, o
= sTesITs
1
.__ | v
4
F e
SPLT T~ = — E0'E
0r9ET N ME0EL 2
TOIT°98~ -
= 8L66'09, :
- L8RET9 -
|- M
M—hm,m./ ﬂ,u H._.Nn_._.m. i S omwokoh,_‘_
LEGLE— = eRE S 0000°LL+
L806°E I 3 — T8IeLLd
=) ]
HE
= =
= Z SER066—
. [ ¥ s= : 1 g
4, TH 3 K — 66ETLOI— . TH =
g wi 3
TAK wls 8515971 TDNS
A.W.IU =] [ m SON‘hN—J %IU f=]
] k' b T6156T1 o
0P0L 97 2 c 8TELGTIY 4,._ Yy
. h wy z
Nwﬁ.ﬁ_., # m g WS TEIy
16069 i S ObSSSELy
Nmmawﬂr = 5 00Tk m FSTOSET]
okl /=210t 8ITZ9E1Y
L ) Y201 v 1TST6E1
9z61L 1 — gz w668°€r1
QGN.L | 700 986551
065 'L4r | = 8T19°661
€ors'Ly -
6r8%LY =
" o5
=
"

0

10

30

40

90 80 70 60

f1 (ppm)
S54

150 140 130 120 110 100
I3C NMR of 6af

160

170

180



0000°0-—

6rITT—

8LE6O;
LOV6'9]
08569
8€T0L]
E1F0LY
P6S0'L]
STHI'L]
1291°L1
£10TL1
SLST' LA
£PLTL]
0€67'L1
611€°L]
LOSE LA
STIFL]
SOEL1

HC

J

A

Y

=L0'E

00
w%._
b6l
T0¢€
LLO
M::._
vO'T
Loz
=401

0.0

0.5

1.5

20

3.0

75 70 65 60 55 50 45 40 35
f1 (ppm)

8.0

8.5

9.0

'"H NMR of 6ag

10£8°0T—

0000°LL

mmwo.ohv
6LIELL

1S95°8011
o@.um.wi
SFTEITIH
SSTI'ETIA
1191°€T1
9108 ¥
S6¥1°9T 14
LTILLTI
EFICSTI
IrSE6T1-
6578671
PLSTTET
£0T6TET
0LLOSET
FOFS 9Ll
T00T'8ET
€579 114
orzLsrl

-

S S R o o

HaC

100 9 8 70 60 50 40 30 20 10
f1 (ppm)

110

170 160 150 140 130

180

3C NMR of 6ag

S55



0000°0—

LOPTT~
FE0LT

P69,
9969
91T0°LA
0TP0LA
1860°L1
BLOL]
9001°L1
S811L1
6LET'LT
SE8TL7
8TOT'Ly
9TTT L
PPETL
P0STL
SOLT'LY

6bSS LY

LS LY

10178—

A

£10°€

Jll

rT0E

0.0

0.5

1.0

60 55 50 45 40 35
f1 (ppm)

D5

6

7.0

1.5

8.0

9.0

"H NMR of 6ah

9L98°0T
Qmwo._mv.

Z89°9L+
00007LL

SLTTROT~
PLIGOTT-
8LS9611
1610121
66CFET]—
8698921
90St6T1-f
LEEODET
FSO00ET
0LLTOET
917L0€T
691H T
865
PP FET
7689°9¢ 1
oLpLLer

_-NH

/
s

=

HaC

170 160 150 140 130 120 110 100 90 8 70 60 50 40 30
f1 (ppm)

180

3C NMR of 6ah

S56



